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E. TESTING EXCEPTION

If a new model ERMM represents an evo-
lution or upgrade from an older model
ERMM that was previously tested and cer-
tified as meeting the performance criteria
contained in Section C of this appendix, the
new model ERMM need only be tested for
compliance with those performance criteria
contained in Section C of this appendix that
are potentially affected by the upgrade or
modification. FRA will consider a perform-
ance criterion not to be potentially affected
if a preliminary engineering analysis or
other pertinent data establishes that the
modification or upgrade will not change the
performance of the older model ERMM
against the performance criterion in ques-
tion. The manufacturer shall retain and
make available to FRA upon request any
analysis or data relied upon to satisfy the re-
quirements of this paragraph to sustain an
exception from testing.

[70 FR 37942, June 30, 2005]

APPENDIX E TO PART 229—PERFORMANCE
CRITERIA FOR LOCOMOTIVE CRASH-
WORTHINESS

This appendix provides performance cri-
teria for the crashworthiness evaluation of
alternative locomotive designs, and design
standards for wide-nosed locomotives and
any for other locomotive, except monocoque/
semi-monocoque design locomotives and nar-
row-nose design locomotives. Each of the fol-
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lowing criteria describes a collision scenario
and a given performance measure for protec-
tion provided to cab occupants, normally
through structural design. Demonstration
that these performance criteria have been
satisfied may be accomplished through any
of the methods described in §229.205. This
performance criteria is intended to prevent
intrusion into the cab seating area occupied
by crews. This excludes inner and outer ves-
tibule areas.

(a) Front end structure (collision posts)—(1)
Objective. The front end structure of the loco-
motive must withstand a frontal impact
with a proxy object which is intended to sim-
ulate lading carried by a heavy highway ve-
hicle (see figure 1).

(2) Proxy object characteristics and orienta-
tion. The proxy object must have the fol-
lowing characteristics: Cylindrical shape; 48-
inch diameter; 126-inch length; 65,000 pound
minimum weight; and uniform density. The
longitudinal axis of the proxy object must be
oriented horizontally perpendicular to the
longitudinal axis of the locomotive.

(3) Impact and result. The front end struc-
ture of the locomotive must withstand a 30-
mph impact with the proxy object resulting
in no more than 24 inches of crush along the
longitudinal axis of the locomotive, meas-
ured from the foremost point on the collision
post, and with no more than 12 inches of in-
trusion into the cab. The center of impact
must be 30 inches above the top of the loco-
motive underframe along the longitudinal
centerline of the locomotive.
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Figure 1. Schematic of Front End Structure (Collision Posts) Impact

(b) Front end structure (short hood) (1) Objec-
tive. The front end structure of the loco-
motive must withstand an oblique impact
with a proxy object intended to simulate an
intermodal container offset from a freight
car on an adjacent parallel track (see figure
2).

(2) Proxy object characteristics and orienta-
tion. The proxy object must have the fol-
lowing characteristics: Block shape; 36-inch
width; 60-inch height; 108-inch length; cor-
ners having 3-inch radii corners; 65,000 pound
minimum weight; and uniform density. The
longitudinal axis of the proxy object must be

oriented parallel to the longitudinal axis of
the locomotive. At impact, the proxy object
must be oriented such that there are 12
inches of lateral overlap and 30 inches from
the bottom of the proxy object to the top of
the locomotive underframe.

(3) Impact and results. The front end struc-
ture of the locomotive must withstand a 30-
mph impact with the proxy object resulting
in no more than 60 inches of crush along the
longitudinal axis of the locomotive, meas-
ured from the first point of contact on the
short hood post, and with no more than 12
inches of intrusion into the cab.
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Figure 2. Schematic of Front End Structure (Short Hood) Offset Impact

[71 FR 36915, June 28, 2006]

APPENDIX F TO PART 229—REC-
OMMENDED PRACTICES FOR DESIGN
AND SAFETY ANALYSIS

The purpose of this appendix is to provide
recommended criteria for design and safety
analysis that will maximize the safety of
electronic locomotive control systems and
mitigate potential negative safety effects. It
seeks to promote full disclosure of potential
safety risks to facilitate minimizing or
eliminating elements of risk where prac-
ticable. It discuses critical elements of good
engineering practice that the designer
should consider when developing safety crit-
ical electronic locomotive control systems
to accomplish this objective. The criteria
and processes specified this appendix is in-
tended to minimize the probability of failure
to an acceptable level within the limitations
of the available engineering science, cost,
and other constraints. Railroads procuring
safety critical electronic locomotive con-
trols are encouraged to ensure that their
vendor addresses each of the elements of this
appendix in the design of the product being
procured. FRA uses the criteria and proc-

esses set forth in this appendix (or other
technically equivalent criteria and processes
that may be recommended by industry) when
evaluating analyses, assumptions, and con-
clusions provided in the SA documents.

DEFINITIONS

In addition to the definitions contained in
§229.306, the following definitions are appli-
cable to this Appendix:

Hazard means an existing or potential con-
dition that can result in an accident.

High degree of confidence, as applied to the
highest level of aggregation, means there ex-
ists credible safety analysis supporting the
conclusion that the risks associated with the
product have been adequately mitigated.

Human factors refers to a body of knowl-
edge about human limitations, human abili-
ties, and other human characteristics, such
as behavior and motivation, that shall be
considered in product design.

Human-machine interface (HMI) means the
interrelated set of controls and displays that
allows humans to interact with the machine.

Risk means the expected probability of oc-
currence for an individual accident event
(probability) multiplied by the severity of
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